The structure of eukaryotic chromatin has been investigated by isolating and analyzing the "accessible" DNA fraction of rat liver chromatin. This DNA fraction has been isolated by titrating the chromatin with the proteaseresistant D isomer of polylysine to bind the "accessible" DNA sites. After removal of chromosomal proteins by digestion with pronase, all DNA not protected from attack by bound polylysine was removed by digestion with DNase. Even after exhaustive treatment with pronase and DNase approximately 30% of the chromatin DNA remains resistant to nuclease attack. Analysis of the isolated DNA shows it to be mainly double-stranded with an average size of 200-250 base pairs. The DNA is slightly A-T rich and contains both repetitive and "single-copy" nucleotide sequences. The results suggest that there are extensive regions in chromatin where the DNA is not tightly complexed with protein. Furthermore, the DNA of these regions is similar in gross properties to the DNA of the total genome.
INTRODUCTION
Although the DNA in mammalian chromatin is found complexed with large amounts of protein, as much as 50% of the DNA phosphate groups are able to bind added polylysine as well as other cationic molecules (1, 2) .
The nature of the binding sites themselves is a matter of controversy.
It has been proposed by some (1) (2) (3) (4) (5) (6) that polylysine binds to specific regions of "open" or "accessible" DNA present in chromatin. These open regions may consist of long stretches of protein-free DNA (1, 6) or stretches of DNA that are only loosely covered with protein (2, 4, 5) . Others (7, 8) have suggested that polylysine may bind nonspecifically in the minor groove of the DNA helix because the majority of the chromosomal proteins probably occupy the major groove.
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preparations (11) . These results also show there may exist a correlation between polylysine binding sites and sites of transcription in the cell.
In order to obtain a better understanding of chromatin structure through the binding of polylysine, we have attempted to isolate the D N A fraction which binds the polycation by utilizing an approach proposed by Clark and Felsenfeld (1) . Once the D N A fraction is isolated it can be subjected to sequence analysis and its ability to hybridize with cellular R N A fractions can be measured. The results of this analysis would help determine whether or not polylysine binds preferentially to repeated or non-repeated DNA, whether or not the D N A consists of a specific sub-set of nucleotide sequences, and whether or not the D N A is preferentially transcribed in the cell.
In this report we describe the isolation of the D N A fraction, the results of some experiments to test the validity of the isolation procedure, and some physicochemical properties of the isolated DNA.
MATERIALS AND METHODS

M a t e r i a l s :
The following m a t e r i a l s were purchased from Sigma Chemical C h r o m a t i n -p o l y l y s i n e complexes were prepared by t h e slow a d d i t i o n of stock polylysine solutions to dilute and rapidly stirred solutions of chromatin until the chromatin was completely precipitated from the solution. Details are given elsewhere (9) . The lysine/nucleotide ratio was generally about 0.55 at the precipitation point. The chromatin-poly-lysine complex was recovered by centrifugation at 5,000g for 10 min and the complex washed once by suspension in 0.01M t r i s HC1, pH 8.0 ( t r i s buffer) and recentrifugation.
Poly-D-lysine of avg. M W 40,000 was used in all but one of the D N A preparations.
In the other preparation poly-D-lysine of avg. M W 70,000 was used. Where experimental results could be compared between preparations, no significant differences were noted.
Preparation of Total DNA: Whole chromatin DNA was obtained by deproteinizing chromatin. Chromatin (500u° DNA/ml) was digested with pronase (200yg/ml) for 1 hr at 37° and the DNA precipitated by the addition of cetyltrimethylammonium bromide (CTAB) by the method of Bellamy and Ralph (12) .
The CTAB salt was washed, converted into the Na salt and dissolved in 0.05M Na phosphate, pH 6.8. It was then sheared to approximately 200-250 base pairs by extensive sonication and absorbed onto a column of hydroxyapatite (HAP) equilibrated in 0.05M Na phosphate. The DNA was eluted with 0.50M Na phosphate and precipitated with CTAB. After reconversion to the Na salt, the DNA was dissolved in a small volume of 0.12M Na phosphate.
Determination of Reassociation Kinetics: Reassociation kinetics were measured by the HAP method of Britten and Kohne (13) . DNA samples were dissociated in a boiling water bath and incubated in either 0.12M Na phosphate, pH 6.8, at 60° or 0.48M Na phosphate at 67°. After adjustment of the salt concentration to 0.12M where necessary, the samples were applied to one ml/ columns of HAP maintained at 60°. Single-stranded DNA was eluted with 0.12M Na phosphate and double-stranded (reassociated) DNA with 0.40M Na phosphate. Tables   1 and 2 , the DNA is r e l a t i v e l y short, enriched in A-T base p a i r s , and composed of both r e p e t i t i v e and unique sequence DNA in proportions similar to whole chromatin DNA.
RESULTS
Recently
We find the s i z e of the i s o l a t e d DNA to be approximately 200-250 base p a i r s . This s i z e probably represents a lower limit for the true s i z e of 1 Determined by extent of binding to HAP in 0.12M Na phosphate at 60°(13).
2 Determined by amount of DNA resistant to micrococcal nuclease under conditions which make the enzyme specific for single-stranded DNA (21) . These values are slight underestimates as a small per cent of doublestranded DNA is also attacked. i 3 Analyzed at 20° on Spinco E analytical ultracentrifuge. Centrifuged at 26,000 rpm in 0.9M NaCl, 0.1M NaOH at 20°. 4 Analyzed on 32 ml 4-20% alkaline sucrose gradients containing O.25N NaOH, 0.7M NaCl, 0.001H EDTA. Centrifuged at 26,000 rpm in Spinco SW 27 head for 19 hr at 4°. The first assumption is probably the most basic and the most difficult to prove. It is known that chromatin in cytological preparations will take up and bind polylysine (11, 19) so "accessible" DNA is most likely present in vivo. If such sites exist in the cell it is important that protein-DNA binding not be altered by the isolation procedure. Some workers (1) have shown that chromosomal proteins may rearrange when isolated chromatin is exposed to even moderate concentrations of salt. For this reason we prepare and maintain our chromatin preparation in buffers of low ionic strength.
However other workers (6) suggest that the native structure of chromatin is altered when chromatin is allowed to unfold at low ionic strength especially in the absence of divalent cations. Nevertheless "free" or "accessible" DNA has been found in chromatin preparations isolated either in buffers of low ionic strength or in buffers containing physiological concentrations of salt and divalent cations. It is not known, however, whether these accessible DNA sites are the same ones or if they correspond to the polylysinebinding sites found in cytological preparations. With our present knowledge of chromatin structure, we do not know then that the accessible sites which we find in our isolated chromatin are present as such in the living cell.
The second assumption (that polylysine does not displace chromosomal protein) is supported by evidence that soluble protein does not appear when chromatin is titrated with polylysine (1, 3, 19, 20) . (This fact only holds true so long as the neutralization point is not exceeded.) Our own experiments confirm these findings. When polylysine is added to chromatin containing H-labeled proteins and the mixture is centrifuged to sediment the insoluble complex, only 5% of the radioactivity remains in the supernatant.
The last two assumptions are also fairly well founded. Employing polylysine titration of chromatin at low pH, Itzhaki et al. (20) have shown that Experiments are also planned to study pronase-released DNA. This DNA fraction can be compared with whole chromatin-and plb-DNA for its ability to hybridize to liver RNA and for its affinity for isolated histone and non-histone protein.
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ABBREVIATIONS USED CTAB: cetyltrimethylammonium bromide HAP: hydroxyapatite plb-DNA: polylysine-binding DNA C t : concentration of DNA in moles of nucleotides per l i t e r times the time o of incubation in s e c . Na phosphate, pH 6 . 8 : sodium phosphate buffer made by mixing equal volumes of equimolar Na^PO^ and NaH 2 P0t r i s buffer: 0.01M t r i s HC1, pH 8.0
